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Abstract : The doping effect of A1 and Cu on the photoconducting properties of CdS film 
has been studied. CdS films have been chemically deposited with doping A1 and Cu by 0.1 wt %
each Their electrical and structural properties have been studied. The photoconducting studies of 
such films showed that the photoconductivity has been increased with 0.1 wt % A1 doping and 
decreased with 0.1 wt % Cu doping.
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M a n y  i n v e s t i g a t i o n s  o n  t h e  C d S  f i l m s  h a v e  b e e n  c a r r i e d  o u t  t o  e n h a n c e  i t s  p h o t o c o n d u c t i n g  
p r o p e r t i e s  b y  a d d i n g  t h e  i m p u r i t i e s .  E f f e c t  o f  t r i v a l e n t  i m p u r i t i e s  s u c h  a s  A l ,  I n ,  B i  etc. 
w h i c h  a c t  a s  d o n o r s  a n d  m o n o v a l e n t  i m p u r i t i e s  s u c h  a s  C u ,  N a ,  L i  w h i c h  a c t  a s  a c c e p t o r s  
o n  t h e  p h o t o c o n d u c t i n g  a n d  o t h e r  p r o p e r t i e s  h a v e  b e e n  s t u d ie d  [ 1 —5 1 . I t  h a s  b e e n  o b s e r v e d  
th a t  0 .1  w t  %  ( A l  a n d  C u )  d o p e d  C d S  f i l m s  g i v e  g o o d  r e s u l t s  f o r  p h o t o c o n d u c t i v i t y  [ 6 - 8 ] .
I n  t h e  p r e s e n t  i n v e s t i g a t i o n ,  w e  h a v e  s t u d ie d  t h e  e f f e c t  o f  A l  a n d  C u  d o p i n g  o n  t h e  
p h o t o c o n d u c t i n g  p r o p e r t i e s  o f  c h e m i c a l l y  d e p o s i t e d  C d S  t h i n  f i l m .  I t  w a s  o b s e r v e d  t h a t  t h e  
C d S  t h i n  f i l m  d e p o s i t e d  w i t h  C d : S  v o l u m e  r a t i o  a s  '5 '  g i v e s  t h e  b e t t e r  r e s u l t s  f o r  
p h o t o c o n d u c t i v i t y  [ 9 ] ,  t h e r e f o r e  C d S  t h i n  f i l m s  w i t h  C d :  S  v o l u m e  r a t i o  a s  '5 '  w e r e  p r e p a r e d  
w i t h  d o p i n g  o f  A l  o r  C u  b y  0 . 1  w t  %  e a c h .  T h e  d o p i n g  e f f e c t  o f  A l  a n d  C u  o n  
p h o t o c o n d u c t i v i t y  p r o p e r t i e s  i n  a i r  a s  w e l l  a s  i n  v a c u u m  is  r e p o r t e d .
T h e  t h i n  f i l m s  o f  C d S  h a v e  b e e n  p r e p a r e d  b y  c h e m ic a l  b a t h  d e p o s i t i o n  [ 1 0 ] .  O p t i c a l  
a b s o r p t io n  o f  f i l m s ,  X R D  a n d  S E M  s t u d ie s  w e r e  c a r r i e d  o u t  t o  c h a r a c t e r i s e  t h e  f i l m s .
F o r  p h o t o c o n d u c t i v i t y  m e a s u r e m e n t  t h e  f i l m s  o f  0 . 5  c m  w i d t h  a n d  1 c m  l e n g t h  w e r e  
u s e d .  T h e  o h m i c  c o n t a c t s  w e r e  m a d e  b y  s i l v e r  p a s t e .  A  3 0  V  d c  p o w e r  s u p p l y  w a s  u s e d  a s  a
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v o l t a g e  s o u r c e  a n d  c o r r e s p o n d i n g  c u r r e n t  c h a n g e  w a s  m e a s u r e d  b y  a  c u r r e n t  m e t e r .  T h e  
e x p e r i m e n t s  w e r e  c a r r i e d  o u t  b o t h  i n  a i r  a n d  v a c u u m  ( 1 0 ~3 T o r r )  a t  r o o m  t e m p e r a t u r e  
( 3 0 0  K ) .
A  d c  f i e l d  o f  3 0  v o l t  w a s  a p p l i e d  a n d  t h e  c h a n g e  i n  c o r r e s p o n d i n g  c u r r e n t  w a s  
m e a s u r e d  b y  a  c u r r e n t  m e t e r .  A  5 0 0 W  t u n g s t e n  f i l a m e n t  l a m p  w a s  u s e d  a s  a  l i g h t  
s o u r c e .
P h o t o c o n d u c t i n g  r i s e  a n d  d e c a y  w e r e  s t u d i e d  i n  a i r  a s  w e l l  a s  i n  v a c u u m  a t  r o o m  
t e m p e r a t u r e  ( 3 0 0  K ) .  T h e  p h o t o c o n d u c t i n g  r i s e  a n d  d e c a y  c u r v e s  f o r  p u r e  a n d  d o p e d  ( A 1 
a n d  C u )  w e r e  r e c o r d e d  i n  a i r  a n d  i n  v a c u u m ,  w i t h  O m n s c r i b e  r e c o r d e r  (x/t m o d e ) .
T h e  b a n d  g a p s  ‘ E g *  o f  t h e  s a m p l e s  w e r e  e s t i m a t e d  b y  t h e  m e t h o d  u s e d  b y  G o v e r  a n d  
H o d e s  [ 1 1 ]  f r o m  o p t i c a l  t r a n s m i s s i o n  s p e c t r a  o f  t h e  d o p e d  ( A !  a n d  C u )  a n d  u n d o p e d  f i l m s .  
T h e  e s t i m a t e d  b a n d  g a p s  ‘ E g *  f r o m  t r a n s m i s s i o n  s p e c t r a  s h o w e d  t h a t  t h e r e  i s  n o  s i g n i f i c a n t  
s h i f t  i n  ‘ E g '  w i t h  d o p i n g .
T h e  c r y s t a l l i n e  n a t u r e  o f  t h e  p u r e  a n d  d o p e d  ( A 1  a n d  C u )  s a m p l e s  w e r e  s t u d i e d  b y  
X R D .  T h e  f i l m s  w e r e  s l o w  s c a n e d  f o r  t h e  p l a n e  ( 0 0 2 ) .  T h e  f i l m s  a r e  p o l y c r y s t a l l i n e  in  
n a t u r e .
T h e  g r a i n  s i z e s  f o r  u n d o p e d  a n d  A 1  a n d  C u  d o p e d  C d S  e v a l u a t e d  f r o m  t h e  XRD 
t r a c e s  a r e  3 1 . 6 8  a n d  7 0  A  r e s p e c t i v e l y .  I t  w a s  o b s e r v e d  t h a t  t h e  g r a i n  s i z e  i s  i n c r e a s e d  fo« 
A 1  a n d  C u  d o p e d  s a m p l e s ,  w h i c h  c a n  b e  a t t r i b u t e d  t o  t h e  a d d i t i o n  o f  i m p u r i t i e s  i n  th e  
r e a c t i o n  b a t h .  S i n c e  t h e  p h o t o c o n d u c t i v i t y  o f  A 1  d o p e d  C d S  i s  h i g h e r  t h a n  t h a t  o f  C u  d o p e d  
C d S ,  i t  i s  c o n c l u d e d  t h a t  t h e  p h o t o c o n d u c t i v i t y  i n  o u r  s a m p le s  i s  i n d e p e n d e n t  o f  g r a i n  s iz e  
T h e  u n d o p e d  a n d  d o p e d  ( A 1  a n d  C u )  s a m p l e s  w i t h  C d : S  v o l u m e  r a t i o  a s  ' 5 '  w e r e  s t u d ie d  
w i t h  S E M  a n d  t h e  s a m e  a r e  s h o w n  i n  ( F i g u r e s  l a ,  b ,  c ) .  I t  i s  s e e n  t h a t  t h e  u n d o p e d  f i l m  is 
p o l y c r y s t a l l i n e  w i t h  d e f i n e d  g r a i n  b o u n d a r i e s ;  t h e  g r a i n  s i z e  i s  s m a l l  a n d  s u r f a c e  i s  n o i  
u n i f o r m .  T h e  S E M  o f  A 1  ( F i g u r e  l b )  a n d  C u  ( F i g u r e  l c )  d o p e d  f i l m s  s h o w  t h e  i m p r o v e d  
c r y s t a l l i n i t y .  T h i s  s u p p o r t s  t h e  o p t i c a l  t r a n s m i s s i o n  a n d  X R D  s t u d ie s .
T h e  d a r k  a n d  p h o t o c o n d u c t i v i t i e s  o f  p u r e  a n d  d o p e d  ( A 1  a n d  C u )  C d S  f i l m s  were 
m e a s u r e d  a t  r o o m  t e m p e r a t u r e  ( 3 0 0  K )  i n  a i r  a n d  i n  v a c u u m  ( 1 0 ~3 T o r r )  a t  a  l i g h t  i n t e n s i t y  
o f  1 0 3 l u x  a r e  l i s t e d  i n  T a b l e  1 .  I t  w a s  o b s e r v e d  t h a t  0 . 1  w t  %  A 1  d o p e d  C d S  h a s  h i g h e r  
c o n d u c t i v i t y  t h a n  p u r e  C d S .  T h i s  c a n  b e  e x p l a i n e d  a s  f o l l o w s  : w h e n  A 1  i s  d o p e d  i n  CdS, 
t h e  A 1  g o e s  i n  t r i v a l e n t  s t a t e  a n d  r e p l a c e s  d i v a l e n t  c a d m i u m .  D u r i n g  t h e  s u b s t i t u t i o n ,  t h e r e  
a r e  t w o  p o s s i b i l i t i e s  ( 1 )  s u b s t i t u t i o n  o f  C d  b y  A 1  a n d  ( 2 )  p o s s i b i l i t y  o f  C d  v a c a n c i e s .  Since 
A1 a n d  C u  a r e  d e p o s i t e d  s i m u l t a n e o u s l y  t h e r e  i s  l e s s  c h a n c e  f o r  f o r m i n g  C d  v a c a n c i e s .  T h e  
o b s e r v a t i o n s  s h o w e d  i n c r e a s e  i n  p h o t o c u r r e n t  f o r  A 1  d o p e d  f i l m  i n d i c a t i n g  t h e  f i r s t  
p o s s i b i l i t y .
T h e  0 . 1  w t  %  C u  d o p e d  C d S  f i l m  h a s  l o w e r  c o n d u c t i v i t y  t h a n  t h e  p u r e  C d S .  T h is  
c a n  b e  e x p l a i n e d  a s  : s i n c e  C u  g o e s  i n  m o n o v a l e n t  s t a t e  a n d  r e p l a c e s  d i v a l e n t  c a d m iu m ;  
t h e r e  a r e  t w o  p o s s i b i l i t i e s ,  ( 1 )  s u b s t i t u t i o n  o f  C d  b y  C u  a n d  ( 2 )  p o s s i b i l i t y  o f  C d  vacancies. 
S i n c e  t h e  o b s e r v a t i o n s  s h o w e d  d e c r e a s e  i n  p h o t o c u r r e n t ,  i n d i c a t i n g  t h e  p o s s i b i l i t y  o f  
f o r m i n g  C d  v a c a n c i e s .
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Figure 1. SEM micrograph of (a) pure CdS; (b) 0.1 wt % A1 doped 
and (c) 0.1 wt % Cu doped CdS.
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Table 1. Dark and photoconductivities of pure and doped (Al and Cu) samples in air and in 
vacuum (1(T3 Toir) at light intensity of 103 lux at 300 K.
In air In vacuum (HT3 Torr)
Sr.
No.
Sample Dark
conductivity 
mho cm“*
Photo
conductivity 
moh cm”*
L/D
conductivity
ratio
Dark Photo
conductivity 
moh cm"*
L/D
conductivity
1 Pure CdS 
with Cd: S 
as 5
2.4*10^ 2.65* 10"4 1.2 3 9*10-5 4.4*l(r^ 11
2 CdS : Al 9.2* 1(T5 3.7‘ KT4 4 6.1*1(T5 1 1*10"3 18
3 CdS : Cu 6.i<r5 6.3* u r5 1.5 1.8* 10-5 l^ltT4 5
Figure 2. Log of photocurrent as function of light intensities (log-log scale):
(a) pure; (b) 0.1 wt % Al doped and (c) 0.1 wt % Cu doped.
The variation of photocurrent as a function of light intensity (log-log scale) for 
pure and doped (Al and Cu) films is shown in Figure 2. The samples exhibited 
sublinear photoconductivity as reported by Mangalam et al [12]. This means that the
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photoexcitation is changing the number of free carriers which showed decrease in life time 
with increasing light intensity. The Figure 2 showed that at a fixed intensity, the change in 
number of free carriers is more for A1 doped CdS and is less for Cu doped CdS than for 
pure CdS.
The rise and decay of the photoconductivity in freshly prepared pure and doped (A1 
and Cu) CdS was studied in air and in vacuum (10~3 Torr). The rise and decay times for the 
three samples were found to be in milliseconds in air. The rise times of doped (A1 and Cu) 
were found to be lower than pure CdS. However, the observed decay is slow compared to 
those of pure CdS. The rise times in vacuum, for three samples were found to be in 
seconds.
The rise and decay of the photoconductivity for undoped and doped (A1 and Cu) 
samples were studied in vacuum (10~3 Torr) at room temperature (300 K). The rise and 
decay curves for three successive cycles with rise time of 15 min and decay until the 
original dark current was reached are studied for pure, A1 doped and Cu doped samples 
respectively, at a light intensity of 103 lux. All the curves exhibit similar nature and 
Figure 2 show such curves for A1 doped CdS films. As all the samples were prepared by 
chemical bath deposition technique, oxygen molecules are assumed to be physically 
adsorbed on the surface of cadmium sulphide. They then become chemisorbed having 
captured conduction electron, which binds them to the surface. The energy levels of such 
bound electrons are sufficiently below the conduction band that, in the dark the rate of 
escape of electron from surface to the conduction band is negligible. Holes move to the 
surface under illumination and are captured by negatively charged oxygen molecules, 
giving neutral molecules which are weakly bound and can escape from the surface. This
Figure 3. The rise and decay of the photocument with time for three 
successive cycles, for CdS : A1 in vacuum.
process is responsible for the low values of both the dark current and photocurrent in the 
first cycle of excitation. In the second and successive cycles, a larger number of oxygen 
molecules are desorbed resulting in the faster rise time and higher photocurrent. Here, the 
rise and decay curves of photoconductivity are more pronounced for A1 doped sample and 
less pronounced for Cu doped sample than that of pure CdS. This may be attributed to the 
availability of more electrons in A1 doped CdS films and formation of Cd vacancies in the 
undoped CdS films.
It is concluded that the photoconductivity of chemically deposited CdS films is 
found to be increased with 0.1 wt % A1 doping and decreased with 0.1 wt % Cu doping.
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